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METHOD OF PRODUCING YAG TRANSPARENT SINTERED BODY 

PROBLEM TO BE SOLVED: To produce a yttrium-aluminum-garnet transparent sintered 
body that can be used as a laser host material, light-emitting tube for discharge lamps, an 
observation window, an element material for detector using fluorescence. 

SOLUTION: An acidic aqueous solution of yttrium and aluminum salts is dripped into a 
carbonate-including basic aqueous solution in the 0.1 m/l-2.5 m/l concentration range, 
then the pH is adjusted to 7.4-9 in the presence of sulfate ion to precipitate the 
composition that has an amorphous phase, when observed with X-rays, and has the 
composition corresponding to 3/5 ratio of yttrium carbonate to dawsonite. The precipitated 
mixture is filtered before crystalline yttrium carbonate is formed from the precipitated, the 
precipitate is washed and calcined to a YAG powder. Then, the YAG powder is formed 
and the formed product is fired. In a preferred embodiment, the filtered amorphous 
precipitate is calcined at 800-1 ,300°C to form the YAG powder with primary particle sizes 
of 40-400 nm. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The acid-salt water solution of an yttrium and aluminum is dropped at the carbonic acid 
content basic salt water solution of the range of 0.1 mols/1. - 2.5 mols/1. Adjust pH to 7.4-9 on the 
conditions in which sulfate ion exists, and the precipitate which has the presentation equivalent to what 
carbonic acid ITTORIMU and a dawsonite mixed at a rate of 3 to 5 although it was an amorphous phase 
in X-ray is made to generate. Before a crystalline carbonic acid yttrium generates from this precipitate, 
after filtering, The manufacturing method of the transparence sintered compact of the yttrium aluminum 
garnet which washes and carries out temporary quenching of this precipitate, considers as yttrium 
aluminum garnet powder, and is characterized by calcinating the Plastic solid of this yttrium aluminum 
garnet powder. 

[Claim 2] The manufacturing method of the yttrium aluminum garnet transparence sintered compact 
which carries out temporary quenching of the precipitate of the shape of amorphous [ which was 
filtered ] at 800-1300 degrees C in an approach according to claim 1, and is used as the yttrium 
aluminum garnet powder whose magnitude of a primary particle is 40nm - 400nm. 



[Translation done.] 



http://ww4.ipdl.jpo.go.jp/^ 9/8/2004 



THIS PAGE BLAMK (uspto) 



Page 1 of 5 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technique in which invention belongs] This invention relates to the approach of manufacturing the 
yttrium aluminum garnet (henceforth YAG) transparence sintered compact used for the component 
ingredient for detectors using a laser host ingredient, the arc tube for electric-discharge lamps, a high- 
temperature-service observation port, and fluorescence etc. 
[0002] 

[Description of the Prior Art] If lanthanides, such as Nd and Ho, are conventionally added to YAG (Y3 
aluminum 5012) of a high grade, it is known that the laser light of high power will be obtained. Current 
and a laser YAG ingredient are restricted to the single crystal. The single crystal of YAG is 
manufactured with single-crystal-growth equipment. ED which carries out the rarefaction of the Plastic 
solid of YAG powder by sintering came to be performed in order to manufacture a laser YAG ingredient 
cheaply and in large quantities in recent years. 

[0003] For example, the ammonia which generates the aqueous acids containing yttrium ion and 
aluminum ion in the pyrolysis of a urea neutralizes, precipitate is made to generate, and the method 
(reference, such as JP,5-294722,A and JP,5-294724,A) of mixing and calcinating the approach (the 
homogeneous precipitation method by the urea: referring to JP,2-92817,A) and aluminum oxide dust 
which carry out temporary quenching of the obtained precipitate, and compound YAG powder, and 
yttrium oxide powder so that it may become the presentation of YAG etc. is developed. Furthermore, the 
hot pressing (for example, refer to JP,54-8369,B) which pressurizes at the time of baking is also 
developed. 
[0004] 

[Problem(s) to be Solved by the Invention] However, the equipment used for training of** single 
crystal in composition of a YAG single crystal and iridium crucible are very expensive, ** It is 
necessary to raise at the very high temperature of 2000 degrees, ** and a training rate are very as slow 
as 0.2 - 0.3 mm/hr, and a manufacturing cost and production time start too much, ** Only one single 
crystal rod was obtained to one equipment, but various troubles, like that productivity is low and only 
the thing around 50mm which has the small path of** single crystal rod is obtained existed. 
[0005] Moreover, in the homogeneous precipitation method by the pyrolysis of the above-mentioned 
urea, reaction temperature etc. needed to be controlled strictly it not only consumes a urea in large 
quantities, but, and there were troubles, like it takes the time amount from adjustment of a solution to 
precipitate generation, filtration of precipitate, and desiccation. Furthermore, Si02 When it did not add, 
there was also a fault that a transparence sintered compact was not obtained. Si02 which is an impurity 
for, manufacturing a transparence sintered compact also with the above-mentioned good oxide powder 
alligation on the other hand It is necessary to add and is Si02. When it did not add, there was a very long 
fault that it was necessary to carry out time amount baking. 
[0006] 

[Means for Solving the Problem] In order that the manufacture approach of this invention may solve the 
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above-mentioned technical problem The acid-salt water solution of an yttrium and aluminum is dropped 
at the carbonic acid content basic salt water solution of the range of 0.1 mols/1. - 2.5 mols/1. Adjust pH 
to 7.4-9 on the conditions in which sulfate ion exists, and the precipitate which has the presentation 
equivalent to what carbonic acid ITTORIMU and a dawsonite mixed at a rate of 3 to 5 although it was 
an amorphous phase in X-ray is made to generate. Before a crystalline carbonic acid yttrium generates 
from this precipitate, after filtering, this precipitate is characterized as washing, and temporary 
quenching is carried out, and it considers as YAG powder, and is characterized by calcinating the Plastic 
solid of this YAG powder. 

[0007] Moreover, in the manufacturing method of the above-mentioned transparence sintered compact, 
it is desirable to make it the YAG powder whose magnitude of the primary particle which carried out 
temporary quenching of the precipitate of the shape of amorphous [ which was filtered ], and obtained it 
at 800-1300 degrees C is 40nm - 400nm. 
[0008] 

[Function] this invention person etc. investigated and studied many things about YAG powder with the 
sufficient degree of sintering which can manufacture a YAG transparence sintered compact. 
Consequently, although it was amorphous in X-ray, the YAG powder obtained from the precipitate 
which has the chemical composition equivalent to the thing which was compounded by specific 
conditioning, and which the dawsonite mixed with the carbonic acid yttrium at a rate of 3 to 5 found out 
the suitable thing. 

[0009] That is, before the precipitate particle generated on the conditions in which the acid-salt water 
solution of an yttrium and aluminum is dropped at an ammonium-hydrogencarbonate water solution, 
and sulfate ion exists crystallizes, it filters and washes, it dries, and temporary quenching is carried out 
and it considers as YAG powder, if this YAG powder is used ~ Si02 etc. -- a YAG transparence 
sintered compact can usually be manufactured with a sintering process, without using an additive. 
[0010] This YAG powder satisfies requirements, like that the firm floe to which many (1) primary 
particles for which the sinterable nature powder of a multiple oxide is asked gathered does not exist, and 
there is no big presentation fluctuation leading to the abnormality grain growth which takes place at the 
time of (2) baking. For this reason, if the Plastic solid of this sinterable nature YAG powder is used, a 
YAG transparence sintered compact can be manufactured with the usual sintering process, without using 
an additive. 
[0011] 

[Embodiment of the Invention] The YAG precursor of this invention trickles the solution which mixed 
the aqueous acids containing yttrium ion, and the aqueous acids containing aluminum ion so that the 
ratio of yttrium ion and aluminum ion might be set to 3 to 5 into the carbonic acid content basic salt 
water solution whose concentration of 50 or less degrees is 0.1 mols/1. - 2.5 mols/1., and compounds it 
by the precipitation reaction in the solution with which sulfate ion exists. 

[0012] As yttrium acid salt of the raw material of this invention, a kind or two sorts or more in water- 
soluble inorganic-acid salts, such as a chloride, a nitrate, a sulfate, and acetate, or an organic-acid salt 
are used. Moreover, a kind or two sorts or more in water-soluble inorganic-acid salts, such as a chloride, 
a nitrate, and ammonium alum, or an organic-acid salt are used as acid salt of aluminum. 
[0013] Although an ammonium carbonate, an ammonium hydrogencarbonate, etc. are illustrated by the 
carbonic acid content basic salt used by this invention, especially if it is the carbonic acid content basic 
salt which demonstrates the description of this invention, it will not be limited to the class. Moreover, 
they are used by kind or two sorts or more. 

[0014] Although a sulfuric acid, an ammonium sulfate, an aluminum sulfate, yttrium sulfate, ammonium 
alum, etc. are illustrated as a chemical which produces the sulfate ion used by this invention, especially 
if it is the chemical made to generate sulfate ion in the water solution which demonstrates the 
description of this invention, it will not be restricted to the class. Moreover, they are used by kind or two 
sorts or more. 

[0015] If the 2nd phase particle which has a path equivalent to the wavelength of light generally exists in 
a sintered compact, it is known that that will serve as a scattering source of light. It is necessary to use a 
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chemical with sufficient purity, so that this invention does not generate such a 2nd phase particle to the 
manufacture raw material of a transparence YAG sintered compact, either. Since the chemical with the 
large solubility to a water solution can be easily removed by washing like sodium, a potassium, and 
calcium, even if they exist in a raw material, it does not become a problem so much. 
[0016] On the other hand, even if the amount of an impurity is an amount which can dissolve to a 
sintered compact, the element which absorbs light, such as Ti and Fe, reduces the permeability of light, 
or is colored. Like the charge of a transparence coloring matter, the purpose of using an ingredient is 
transparent, and except when using that it is coloring, it is necessary to restrict the amount of such an 
element to extent which does not injure the purpose of using an ingredient. 

[0017] The concentration of the aluminum ion of the water solution which contains yttrium ion and 
aluminum ion in this invention has desirablel. in 0.05 mols /or more. While sediment is very difficult to 
filter including boehmite in it being below this concentration, since the YAG powder obtained after 
temporary quenching contains hard floe, it is not desirable. Especially a limit does not have the upper 
limit of the aluminum ion concentration of this solution, and a result also with the desirable saturated 
solution is obtained. 

[0018] However, since it changes with temperature notably, when the solution near saturated 
concentration was used and solution temperature falls during precipitate actuation, a salt carries out 
crystallization of the saturated concentration, and the activity beyond it becomes impossible [ the 
saturated concentration ]. When this is taken into consideration, especially the aluminum ion 
concentration of this solution has desirable 1. in 0.01 mols/1. - 0.5 mols /. On the other hand, ITTO rim 
ion concentration is automatically determined from the conditions of 5 to 3 in the ratio of concentration 
of aluminum ion and yttrium ion. 

[0019] The concentration of the carbonic acid content basic salt water solution used by this invention 
has the desirable range of 0.1 mols/1. - 2.5 mols/1. There are few amounts of the carbonate ion at the time 
of a precipitation reaction that this concentration is 0.1 mols/1. or less, and boehmite precipitates instead 
of the precipitate which has the chemical composition of a required dawsonite by this invention. This 
precipitate is gelatin content, and since it will make hard floe if it dries, it is not desirable. On the other 
hand, since a carbonic acid yttrium will grow rapidly, separation of the yttrium under precipitate and 
aluminum will progress, the temporary-quenching temperature which obtains YAG single phase powder 
will become high and a degree of sintering will fall if this concentration becomes [1. ] in 2.5 mols /or 
more, it is not desirable. 

[0020] The YAG precursor by the approach of this invention needs to prepare pH between 7.4-9 on the 
conditions in which sulfate ion exists. Although, as for aluminum ion, pH precipitates completely 7.4 or 
less, some yttrium ion remains into a water solution. For this reason, since the yttrium under precipitate 
and the presentation of aluminum shift from the presentation of YAG that pH is 7.4 or less, it is not 
desirable. On the other hand, since an unusually big carbonic acid yttrium particle will generate, 
separation of an yttrium and aluminum will progress during precipitate, the temporary-quenching 
temperature which obtains YAG single phase powder will become high and a degree of sintering will 
worsen if pH is higher than 9, it is not desirable. 

[0021] The sulfate ion at the time of the precipitation reaction of this invention gathers the very detailed 
primary particle of precipitate, and has the work in which floe with the radius of circle divided into each 
with a size of about 0.02 micrometers - 1 micrometer is made to form. If temporary quenching of this 
precipitate is carried out, the YAG particle generated from the primary particle of the precursor 
belonging to the same floe will coalesce mutually, and will turn into a primary particle of YAG of one 
piece or a a small number of individual. 

[0022] However, since it does not sinter firmly [ the YAG particle generated from the primary particle 
which belonged to another floe in this temporary-quenching process ], the YAG powder obtained by 
carrying out temporary quenching consists of particles divided into each whose mean particle diameter 
is 0.02 micrometers - 0.06 micrometers. 

[0023] If there is a 0.01 more than amount of the sulfate ion used by this invention by the mole ratio to 
YAG, it will demonstrate effectiveness. 0.1 especially or more are desirable as this mole ratio. However, 
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if it becomes one or more as this mole ratio, since the improvement in the use effectiveness will no 
longer be accepted considering the amount of the sulfate ion used, it is not desirable in cost. 
[0024] The precursor generated by this invention has the chemical composition which the dawsonite 
mixed with the carbonic acid yttrium at a rate of 3 to 5. This desiccation object is an amorphous phase in 
X-ray. If long duration aging is carried out after precipitate generation, the carbonic acid yttrium of a 
crystalline substance will appear first from this precipitate of the quality of amorphous, and if aging is 
continued further, the dawsonite of a crystalline substance will come to be accepted. If a crystalline 
carbonic acid yttrium appears, separation of the yttrium in precipitate and aluminum needs to progress 
and it is necessary to carry out temporary quenching at an elevated temperature more for manufacturing 
the powder of a YAG single phase by temporary quenching. Consequently, the YAG powder obtained 
by carrying out temporary quenching becomes large, and a degree of sintering worsens. For this reason, 
it is necessary to restrict aging after precipitate generation within 10 hours in this invention. 
[0025] Since the carbonic acid yttrium and dawsonite of a crystalline substance generate and grow from 
this precursor and separation of an yttrium and aluminum progresses before starting washing actuation 
as the precipitation reaction temperature in this invention is 50 degrees C or more, the temporary- 
quenching temperature which can obtain YAG single phase powder becomes high, and a degree of 
sintering is not desirable at that of ******. Since there will be time amount considerably by the time a 
YAG precursor changes from an amorphous condition that this temperature is 50 or less degrees to a 
crystalline carbonic acid yttrium and a crystalline dawsonite, and it can fully wash, it is desirable. 
[0026] If temporary quenching of the YAG precursor manufactured by the approach of this invention is 
carried out, a primary particle will be as detailed as 0.01 micrometers - 0.2 micrometers, and YAG 
powder without floe will be obtained. Temporary-quenching temperature has 900 degrees C - desirable 
1300 degrees C. Since the powder obtained after temporary quenching is not the single phase of YAG if 
temporary-quenching temperature is lower than 900 degrees C, the eburnation by sintering cannot 
become an ununiformity and cannot remove pore completely by sintering. Moreover, since grain size is 
also small, the moldability of the particle at the time of Plastic solid production is also bad. On the other 
hand, if temporary quenching is carried out at an elevated temperature 1300 degrees C or more, growth 
of a primary particle is intense, and since the surface free energy which is the driving force of sintering 
becomes small and a degree of sintering carries out, a precise and transparent sintered compact cannot 
be obtained. 

[0027] If the YAG powder manufactured by the approach of this invention is fabricated and it calcinates 
at the temperature of 1500 degrees or more, a transparent sintered compact will be obtained. According 
to the approach of this invention, a YAG transparence sintered compact is conventionally obtained 
considerably with the low-temperature usual sintering process, without adding an additive. 
[0028] 

[Example] Example 1 : Ammonium-hydrogencarbonate concentration stirs 200ml of water solutions 
which are 1.5 mols/1. with a magnetic stirrer. 320ml of the acid water solution which contains 0.15 mols 
[/l. ] ammonium alum and a 0.09 mols [/l. ] nitric-acid yttrium in this liquid is dropped at the rate of 5 
ml/min, and precipitate is generated. pH at this time was 7.8. After precipitation reaction termination, it 
filters, after stirring the liquid which precipitate distributed for 30 minutes. The precipitate after filtration 
is distributed and filtered to distilled water. The distribution and filtration to this distilled water are 
repeated 4 times, and precipitate is washed. The precipitate finally filtered is dried in the nitrogen gas air 
current of a room temperature. This desiccation precursor is lightly unfolded with a mortar, and 
temporary quenching is carried out at 1 100 degrees C among an oxygen air current for 2 hours using a 
tubular electric furnace. 

[0029] The particle size of temporary-quenching powder was 100-200nm. When it sintered at a vacuum 
ambient atmosphere and 1700 degrees C for 1 hour after fabricating this YAG temporary-quenching 
powder with the hydrostatic pressure of 200MPa(s), sintered density is 99.9% of theoretical density, and 
the sintered compact excellent in translucency was obtained. 

[0030] Example 2: Ammonium-hydrogencarbonate concentration stirs 200ml of water solutions which 
are 1.5 mols/1. with a magnetic stirrer. 320ml of the acid water solution which contains an aluminium 
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nitrate in 0.15 mols [ 1. ] /, and contains 0.09 mols [ 1. ] /and 0.009 mols /of ammonium sulfates in this 
liquid for a nitric-acid yttriuml. is dropped at the rate of 5 ml/min, and precipitate is generated. pH at this 
time was 8. The generated precipitate is washed by the approach of an example 1, and temporary 
quenching is carried out for 2 hours, and it fabricates at 1 100 degrees, and sinters by the approach of an 
example 1. The sintered compact which has the almost same sintered density and translucency as an 
example 1 was obtained. 

[003 1] The example 1 of a comparison: A YAG precursor and YAG powder were compounded on the 
same conditions as an example 1 except having riped for 48 hours. When change of the sintered density 
by temporary-quenching temperature was investigated, the powder of the degree of sintering which 
carried out temporary quenching at 1200 degrees C which is the lowest temperature from which a YAG 
single phase is obtained was the best. Then, when sintered by the approach of an example 1 using the 
YAG powder which carried out temporary quenching at this temperature, sintered density is 98% of 
theoretical density, and it turned out that the degree of sintering of YAG powder falls by aging. 
[0032] The example 2 of a comparison: Ammonium-hydrogencarbonate concentration stirs 1000ml of 
water solutions which are 0.05 mols/1. with a magnetic stirrer. 80ml of the acid water solution which 
contains 0.15 mols [/l. ] ammonium alum and a 0.09 mols [/l. ] nitric-acid yttrium in this liquid is 
dropped at the rate of 5 ml/min, and precipitate is generated. pH at this time was 7.6. Subsequent 
processing was performed by the approach of an example 1 . On the same conditions as an example 1, 
temporary quenching and when it fabricated and sintered, bulk density was about 94% of theoretical 
density, and the sintered compact was white opacity. 

[0033] The example 3 of a comparison: A YAG precursor and YAG were compounded on the same 
conditions as an example 1 except an ammonium-hydrogencarbonate water solution being dropped at 
aqueous acids. The precursor which the carbonic acid yttrium mixed with boehmite was obtained. The 
detailed primary particle was condensing firmly the YAG powder after carrying out temporary 
quenching on condition that an example 1. Moreover, when sintered on condition that the example 1, 
sintered density was 92% of theoretical density. 



[Translation done.] 
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